Sm all industry workers are often involved in manual handling operations that require awkward body postures, therefore, musculoskeletal disorders and occupational injuries are a m ajor prob lem. In this study, various types o f tasks were recorded w ith a video camera to chart and analyze d ifferent postures by com puterized OWAS (Ovako W orking Posture Analysing System). Collected data showed that poor postures were adopted not only for liftin g or ham m ering operation but also fo r other tasks; m ostly w ith bent and tw isted back. The main aim was to determ ine the physical w orkload by identifying harm ful postures and to develop recom m endations fo r im p rovin g the existing situation. Forty-eight male workers from eight different units (/Wage = 37 years) partici pated. The perform ed activities were then divided into 26 subtasks. Altogether, 1,534 postures were selected fo r analysis and then classified into different OAC (OWAS Action Categories). From all observations, unhealthy postures, fo r w hich corrective measures had to be considered im m e diately (i.e., 10.6% classified as OAC III, and 3.3% as OAC IV), w ere found. The applied m ethod was useful in determ ining the physical workload by locating potential activities due to harm ful pos tures, providing a detailed description w ith analysis, and suggesting successful means to reduce postural load.
IN T R O D U C T IO N
The ergonomic principles are to adapt "w ork" and its "conditions" to suit the hum an body posture. Therefore, the im portance of physical variation to the control of musculoskeletal disorders has been focused on and developed either by improving the design of workstations or by teaching proper posture techniques (Corlett, Wilson, & M anenica, 1986; Engels, Landeweerd, & Kant, 1994; Kivi & M attila, 1991) . According to many research results, the reduc tion of physical load due to unhealthy posture was one of the main m easures for correcting the work situation. To quantify postural stresses, the effects of body postures on the joints have been reported in ergonomics by observational and instrum ent-based techniques (Genaidy, Al-Shedi, & Karwowski, 1994) . Links between postures and accidents and the detrim ental effects of strenuous postures have been studied by Vayrunen, Anneli, and Vesa (1994) , Niskanen (1985) , and W ickstrom, Niskanen, and Riihimaki (1985) .
In this regard, many other available m ethods for the assessment of physical workload have been used; however, not a single one of them was perfect and could be used in all circumstances (Bao, 1992) . D irect observation m ethods were specially designed for the evaluation of physical workload param eters, for example, Post Targeting M ethod (C orlett, Madeley, & M anenica, 1979) , O vako Working Posture Analysing System (OWAS; Karhu, Kansi, & Kuorinka, 1977) , V IR A (video-based technique for posture analysis by Kilbom, Persson, & Jonsson, 1986) , and P E O (Portable Ergonom ic O bservation by Fransson, Johansson, Nilsson, & Wassenius, 1991) .
In order to have a good selection for postural data analysis in this study, com puterized OWAS was very useful, albeit it ignored other aspects of physical strain such as energetic load, heat stress, or noise effects. It was simple to take video pictures from different workstations without interfering or disturbing the w orkers' activities. Thus, the aims of this study were to observe working postures in different small industry activities, to analyze and determ ine their postural as well as physical stress, to identify different activities involving unhealthy postures, and to improve work m ethods by using easy techniques available in the local context.
M ETH O D , M ATERIALS, A N D P R O C E D U R E
This study was conducted at selected small industrial units (Table 1 ) during a workplace survey from five districts (D haka, M anikgonj, Gajipur, Narayangonj, & Comilla) in Bangladesh in June-A ugust 1992 and Septem ber-D ecem ber 1993. Various activities perform ed by 48 male workers during the workday (10 a.m. to 3 p.m.) were observed and recorded with a video cam era (Philips VKR6850). In order to specify the physical load, the work tasks were also classified into two groups: (a) pure m anual tasks, such as the replacem ent of parts or tools, loading, unloading, carrying, pulling, pushing, lifting, hammering, and so on (Items 1-3), and (b) m anual w ork with the help of equipm ent (electrical and mechanical), such as packaging, printing, light engineering work, m aintenance, repairs, machine operation, and so on (Items 4-8).
V ideotaped pictures were then transferred to desktop com puter memory via an auxiliary converter (video card), and then onto a com puter m onitor (Figure 1 ).
To enable a subsequent analysis, 50 observations of each task were taken at 5-s intervals, and then a separate data file with the posture codes and related activities w ere created. For each observation, posture codes were noted and analyzed by OWAS software (Kivi & M attila, 1991; Vayrynen, 1992) at the Division of Work Science, University of Oulu, Finland. A ltogether, 1,534 observations were finally analyzed to obtain the posture com binations from all the 26 sub-tasks, although a few of them were ignored due to an unclear picture. The incidence of typical postures were calculated from data files as well as from the docum ented posture codes. Estim ation of discomfort levels was also analyzed (Table 4) on the basis of a revised questionnaire on a subjective scale (Ahasan, 1994) to determ ine the frequency and severity of discomfort, injurious pain, and other physical complaints (Aghazadeh & Mital, 1987) . A few workers who had difficul ties with writing were asked verbally, and the others answered a questionnaire sheet. by the degree of difficulty (i.e., OWAS A ction Categories or OAC). Thus, four categories of posture action could be identified. They were actions for 1. postural loads th at were norm al or acceptable (OA C I); 2. slightly harm ful postures, where corrections should take place in the near future (OA C II); 3. distinctly harmful positions, where corrective m easures should take place soon (OAC III);
and .
t r w r '
4 extrem ely harm ful postures, and corrective m easures m ust take place immediately (OAC IV).
These action categories allowed the most stressed body parts and tasks with specific job activities to be identified. Once the job was identified, it was possible to modify the tasks appropriately. Thus, OWAS consisted of summary forms of all the observed postures in each subtask, a classification of postures into evaluation classes, and an analysis of acceptable and unacceptable postures. In this way, postural loads were classified and identified for making recom m endations in different small industry activities. Table 2 shows the results of postural data. O ut of 506 observations of purely m anual activities, 68 (i.e., 13.4%) and 23 (i.e., 4.6% ) were classified as OAC III and IV, respectively. Similarly, from a 'total of 1,028 observations of activities with motive power, 95 (i.e., 9.2%) and 27 (i.e., 2.6% ) were classified as OAC III and IV, respectively. The aggregate percentage of the most critical postures (OA C III + IV = 23.4%) was recorded for cutting, hammering, and m anual handling tasks. Thus, woodworking and sawing operations were rated as 18.5%; brick breaking, loading, and lifting as 17.7%; packaging, pressing, and binding as 13.5%; repair and m aintenance as 10.9%, and so on. Those figures indicated th at existing postural overloads in small industry activities in Bangladesh were very high, and in need of corrective measures. A ltogether, 50 observations of the m ost difficult posture com binations were registered (Table 3) . Am ong them, for example, 10 were assigned in hammering, cutting, and m etal handling tasks (i.e., five were given the code 4341, three-4141, and two-4151 and 2242).
RESULTS
Stressful m anual activities were also evaluated by personal interviews for a few illiterate workers who had difficulties with writing, and the rest of the workers answered a questionnaire sheet. The sum m arized results in Table 4 showed rem arkable inform ation about their muscu loskeletal complaints.
C O RR EC TIVE M E A SU R E S
For both working groups (i.e., purely m anual and with m otive powers), corrective m easures were tried to im plem ent a change in the traditional pattern of work m ethods in cooperation with the workers and factory owners. A fter corrective trials, the workers opined th at work stresses had reduced considerably. In general, balanced and symmetrical postures w ere ac cepted. Therefore, adjustm ents of the operator-controlled tools were necessary during twisted position or when the body was asymmetrically loaded. Vilkki,M attila, and Siuko (1993) opined Note. RSI-Repetitive stress injury.
th at poor postures occurred due to workplace layout and insufficient tools. Back compression could also occur during stressful m anual tasks; however, the workers were advised to use proper m achinery and change harmful working positions. In fact, surveyed workplace layout and factory environm ents were not ergonomically suitable and should, therefore, have to be redesigned. W orkers should be trained in the efficient use of equipm ent by job training and new design. For example, m any workers should do ham m ering together at the point of action at an elevated position to minimize their back injuries. Job training was perform ed at a few workstations, specially for lifting and m aterials handling tasks (i.e., loading, carrying, unloading, etc.). W ork ers were then advised to lift only one object at a time, which provided better results. By placing the m aterials in front of the workers and keeping a suitable distance, m anual handling tasks could be perform ed by two or m ore workers to allow greater flexibility of body movements. Thus, activities that caused a twist of the upper trunk with a bent back could be corrected.
C ontinuous or repetitive physical work led to excessive muscle strain and fatigue, and in extrem e cases, to injury and w ork-related diseases (Ahasan, 1993) . The introduction of semi autom ated or im proved machinery could elim inate those problems. It is also necessary to consider local factors like heat and humidity, work variety, flexibility, and so on, for safe and permissible physical capacity. Furtherm ore, dem onstration is necessary using other related exposure assessment, so that corrective m easures could serve to reduce m ore levels of re ported discomfort and injury. The repetition of this study is necessary for m ore accuracy and to develop and im plem ent the suggestions of how the jobs and tasks are subjected to a posture load analysis. In addition, follow-up (i.e., practical) developm ents are im portant to m otivate proper im plem entation of corrective solutions. For job design applications, tasks should be analyzed further. A bove all others, corrective m easures should be validated on the basis of the results, which should be m ore economical, easy to utilize, reliable, and ergonomically suitable for the local context.
CO NC LU SIO N
This study showed that small industry activities were involved with a higher percentage (e.g., OAC III + IV = 23.4%) of strenuous postures which caused severe musculoskeletal problems. The applied m ethod assisted in identifying the most critical postures, for which im m ediate corrections m ust be implemented. In this regard, OWAS offered a promising strategy for preventing musculoskeletal disorders (Engels et al., 1994) .
The results also provided useful inform ation for local machine m anufacturers and tool designers regarding correct working positions, so that ergonomic aspects could be taken into consideration. It was essential to test the way in which corrections could be adapted to the local population as well as to assess the quality and quantity of working postures. A learning-by-doing procedure would be better to control asymmetric positions, and traditional m ethods should be changed through proper instruction. Factory owners were reluctant to any change because of the extra cost involved. Therefore, low-cost and easily available alternatives would be m ore effective.
This provided new ways to analyze postural data on the basis of video-recorded materials. It allowed follow-up developm ents in practice, because actual work situations could be seen later and further recom m endations could be made by group proposal.Video-based docum en tation was also helpful as a reliable basis for the im provem ent of the working environm ent (M attila, Vilkki, & Tiilikainen, 1992) . However, some limitations were noted in the recording and observation procedure. A few observations were hazardous, and it was difficult to identify the actual load code. It was easier to classify a sitting or standing position than a twisted or bent back and trunk. Sometimes a few postures were difficult to classify in the com puter files after dividing them into subtasks. OWAS took limited account of the time spent and the external load (C orlett, 1990), which were refereed (i.e., during ham m ering or m etal cutting operation in this study), and there might be a few errors in the estim ation of load or effort. So, greater strength should provide for rapid identification of m ajor inadequate postures. The proportion of time spent in the subtasks was not exactly considered and errors might be possible in predicting actual postural stress.
Normally, small industry workers do the same work (i.e., repetitive tasks) for a long time w ithout any rotation, and the effect of time spent is dangerous over a longer period. In this sense, OWAS did not provide an adequate m ethod for quantifying repetitive tasks, and, therefore, the effects of stressful postures on the body could not be separated from the pattern of m otion or repetition. Static working postures could also involve m ore strain causing more disorders than positions requiring m ovem ent (Christmansson, 1994) . Personal factors, such as physical capacity, age, personality, lifestyle, and so on, might influence on perceived exertion (Kilbom & Persson, 1987) . M oreover, an integral approach must be considered in successful ergonomic intervention, although intercultural com parison of pain would be m ore difficult than postural analysis. So, in order to confirm those implicit assumptions, contribution of other stressful activities should also be investigated. OWAS can be seen as an illustration of a m ethod for evaluating postural data, which can be further developed to m eet all the specified require ments; however, it is not a com plete solution.
